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ful guidance in all phases of this endeavor*, 
The author also wishes to acknowledge the invaluable 
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In t ro duct i o n 
Chronic alcoholism has long been known to have a 
high correlation with pancreatitis* In many studies it 
is listed as first among the causes of chronic pancreatitis 
and it is second only to disease of the biliary tract as a 
cause of acute pancreatitis (1). Friederich, in 1878, 
was one of the first to suggest a possible role of alcohol 
in the etiology of acute pancreatitis in his description of 
“Drunkard's Pancreas'5. He wrote, "I am inclined to believe 
that general chronic interstitial pancreatitis may result 
from excessive alcoholism."(2) In 1889, Fitz agreed that 
many of the patients with pancreatitis may have been 
“addicted to the abuse of alcohol". (3) In 1901, Halstead 
described a case of pancreatitis which at autopsy revealed 
a stone impacted in the Ampulla of Vater, and he suggested 
that two additional factors, "adipose and the excessive 
use of alcohol" may be implicated in the etiology of 
■pancreatitis. (4) 
More recently, many epidemiologic studies have been 
performed which correlate the frequency of chronic al¬ 
coholism with chronic pancreatitis. Sarles reported that 
of his 1C6 cases of chronic pancreatitis, 95 gave a 
history of chronic alcoholism. (5) 81 out of 90 patients 
reported by Banks had a history of chronic alcoholism. (6) 
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Other authors have listed figures ranging from 17%-75% 
as the frequency of concurrence of chronic alcoholism and 
pancreatitis. 
Others have commented on the frequency of acute 
alcoholism proceeding or precipitating an attack of 
acute pancreatitis. In 1907, Egdahl studied a group of 
105 patients with acute pancreatitis, 17 of whom had 
imbibed large quantities of alcohol just prior to the 
onset of their illness. (7) In 1917, Symrrters, then the 
coroner of Dublin, Ireland, did autopsies on a group of 
31 alcoholic patients, all of whom had died suddenly. 
These post-mortem examinations revealed acute hemorrhagic 
pancreatitis, and no evidence of gallbladder disease. He 
concluded, "We have thus in these 31 cases a complex of 
alcoholic indulgence, sudden death, gastric hyperemia of 
a peculiar form, and a necrotic condition of the pancreas. 
At present I refer to this condition as acute pancreatitis, 
probably due to alcohol." (8) In 1942, Clark studied 36 
alcoholics who died in acute alcoholic states and found 
that 15 (42%) died of acute hemorrhagic pancreatitis. Of 
150 controls in this study , only 27 (18%) of these even 
showed microscopic evidence of pancreatitis. He stated, 
"The role of prolonged alcoholic debauch in the pathogenesis 
of pancreatitis appears to be striking." (9) Other authors 
have listed figures ranging from 42%-53% of patients 

dying from acute alcoholism had hemorrhagic pancreatitis 
while 18%-47% of alcoholics dying of other causes had 
1esions of pancreatitis. 
The mechanism whereby alcoholism may lead to pan¬ 
creatitis has been much debated in the literature* The 
nature of the relationship of alcohol and the etiology 
of pancreatitis has been explained by a number of diff¬ 
erent authors who have included one or several of the 
following points: 
1* The suggestion that alcohol is directly toxic 
to the pancreas. Doubilet (10) and Probstein (11) have 
explained the occurence of alcohol-induced pancreatitis 
as being a result of parenchymal toxicity, much as alcohol¬ 
ic cirrhosis of the liver. 
2. Alcohol induced edema of the duodenal mucosa 
and spasm of the Sphincter of Oddi. Rich and Duff (12) 
and Meyers and Keeger (13) proposed that alcohol caused 
an obstruction to the outflow tract for the pancreatic 
• juice through spasm of the sphincter and edema of the 
duodenal mucosa* This resulted in reflux of bile and 
pancreatic juice with rupture of the smaller ductals 
leading to pancreatitis. Walton, in 1965, showed that in 
dogs the pressure in the pancreat'c duct was raised 
by alcohol applied directly to the duodenum. (14) And 
Lium and Madduck have created experimental pancreatitis 




3« The deficient nature of the diet of alcoholics® 
Malnutrition among African children has been shown to 
produce fatty liver and fibrotic changes in the pancreas, 
known as kwashiorkore Gaelin fed rats deficient and 
regular diets along with standard doses of alcohol and 
found that the deficient-fed rats developed pancreatitis® (16) 
4* The effect of alcohol on the pancreatic secretions * 
Kuwschinski* in 1888* showed that alcohol introduced to an 
animal by mouth increased the flow of pancreatic juice* (17) 
In 1902* Bayliss and Starling were the first to suggest a 
possible mechanism for this observed increase in flow of 
pancreatic juice* They suggested that orally ingested 
alcohol stimulates the pancreas by the formation of a 
humoral agent (which they called "secretin") by direct action 
on the duodenal mucosa* (18) In 1909* Gizelt showed that 
the effect of alcohol on the pancreas was not dependent 
solely on the presence of alcohol in the duodenum or the 
small intestine* He showed that pancreatic secretion was 
stimulated by alcohol instilled into the Isolated stomach 
or rectum, Gizelt suggested that alcohol acted by the 
summation ofj (a) direct stimulation of the gland 
by the absorbed alcohol* (b) indirect stimulation of the 
gland following secretin release caused by alcohol acting 
directly on the duodenal mucosa, and (c) an indirect 
stimulation of secretin secondary to alcohol-induced 
* 
-5- 
acid production in the stomach. (20) Newman and Mehrtens 
(21) and Woodward (22) thought that alcohol acted via the 
elaboration of a histamine-like substance from some ectopic 
site* perhaps the lung. In 1965y Preshav; illustrated the 
existence of a humoral agent that originated in the pyloric 
gland area of the stomach that could stimulate pancreatic 
secretion e (23) And; in 1968,. Schapiro was able to show 
that perfusion with ethanol of the antral pouch of the 
dog stimulated the pancreas via this humoral agent. (24) 
Schapiro* in an excellent review article* tried to 
tie together all of these possible mechanisms into his 
understanding of alcohol-induced pancreatitis. (25) 
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In recent years, other researchers have addressed 
specifically the issue of whether or not alcohol, has any 
direct effect upon the exocrine secretions of the pancrease 
Experiments have been carried out in animals and in man, 
and some rather conflicting dcita has been reported. The 
various experiments involved, basically, the administration 
of a known quantity of alcohol intravenously, and. the 
observation of the response of the pancreas* The alcohol 
was infused via the intravenous route in order to bypass 
the numerous postulated secondary mechanisms of pancreatic 
stimulation and better represent the direct action of 
this drug* As we will discuss in greater detail later, 
some observers reported that intravenous alcohol caused 
no change in the exocrine secretions of the pancreas, 
others reported a depression, and still others reported 
an augmentation of secretion* 
It is to this last conflict that we have directed 
the efforts of this work* We feel that a better apprecia¬ 
tion of the effect of intravenous alcohol on the exocrine 
pancreas would contribute to a clearer understanding of 
the relationship of alcohol to pancreatitis, A more 
precise description of the response of the pancreas to 
intravenous alcohol would also co ,tribute to the use¬ 
fulness of this drug as a therapeutic agent. And further, 
studies on this model may assist in broadening our under¬ 
standing of the physiology of this important gland. 

Material and Methods 
A total of thirteen mongrel dogs were used, The 
weights were between 20-38 poundse Of these dogs; 
(a) three we re found at operation to be unsuitable 
for our purposes and were closed without completion 
of the preparation and sacrificed after the operation, 
(h) five underwent complete operations but later proved 
to he unsuccessful preparations for experimentation 
(three of these appeared to he successful at operation 
but subsequently failed to produce secretions, one dog 
died in the immediate post-operation period of aspiration, 
and one dog developed severe hemmorrhagic pancreatitis 
and had to he sacrificed) and (c) five animals proved to'be 
successful preparations (#720, #s~8074, #147, #151, and 
#121)* In all hut one of these successful preparations,1 
the period of experimentation was terminated after the dog 
had gnawed through the cannula or had pulled it out* 
The exception, dog #720, ran for two experimental runs, 
then spontaneously ceased flowing. At autopsy, the fol¬ 
lowing day, the entire pancreas was fibrotic. 
The operation and preparation was carried out in a 
one-step procedure along the lines set forth by Sherman (26.') 
and Sherman and Lindenmuth (27)* General anesthesia was 







body weight, The dog was placed in the supine position 
and the abdomen was prepped with Phisohex and Mercresin 
and draped0 A midline abdominal incision was madep appro 
imately four inches longj, beginning one inch below the 
xiphoid process and extending in the midline toward the 
umbilicusc After the peritonuem was entered and the 
omentum separated f the duodenum was located deep in the 
right gutter and mobilized through the operative incision 
The pancreas was noted to lie in the mysentery of the 
duodenum* By careful dissection proximally along the ven 
tral surface of the pancreato-duodenal junction5 the 
duct of Santorini was located. This duct was freed dis¬ 
tal ly along its course into the muscular wall of the 
duodenum and proximally to its exit from the parenchyma 
of the pancreas. Superficially within the pancreatic 
parenchyma the duct was found to bifurcate and the 
small cephalic branch was ligated with 3-0 silk. Accord¬ 
ing to Sherman and Lindenmuth, the anatomy was such that 
in 39a' of the dogs that they operated on, this procedure 
isolated a functional segment of the pancreas (which was 
cannulated and drained to the outside) while the other 
half of the organ (the cephalic "tail” of the pancreas) 
continued to empty into the duodenum through the duct of 
Wirsung. (28) The duct of Santorini was then cannulated 





a 0,010 inch thick wall, flanged on both ends, A #8 
polyethylene French catheter was placed over one end of this 
cannula« The other end of the cannula was inserted proximal- 
ly through a small transverse incision cut Into, the duct 
lumen„ The cannula was secured in place with a 3-0 silk 
ligature. The duodenal opening of the duct was closed 
with 3-0 silk suture. The duodenum was returned to the 
right gutter and the cannula was exited from the abdomen 
through a stab wound in the abdominal wall four or five in¬ 
ches lateral to the operative incision. The stab wound was 
closed and. the catheter secured to the skin with 3-0 silk. 
The incision was closed with two layers of 0 chromic catgut. 
The dog was allowed to recover at least 24 hours after 
surgery and was starved for 18 hours before he was used 
for experimentation, All trials were conducted with the 
dog standing and restrained in a Pavlov stand. The external 
end of the catheter from the pancreatic duct was placed into 
the mouth of a collecting tube wich was supported in a beaker 
of ice water, The test solutions were administered intra¬ 
venously via a #23 needle into a peripheral vein in the 
fore or hind paw. 
The pancreatic secretions were collected in glass 
tubes in 15 minute periods. At least two control periods 






juice was stored for 24 hours in a refrigerator at 4°C, 
They were thawed the following day by standing for one- 
half hour at room temperature® 
The volume of the pancreatic juice was determined 
by measuring in a volumetric pipette* Volumes were 
measured to the nearest 0.1 c.c, and estimated to the 
nearest 0,05 c,c. 
For graphing, the mean of the pre-infusion control 
periods was calculated and considered as baseline. 
The measured volume for each collection period was then 
expressed as a percentage of this value. The graphs 
which are present in the section, "Results", represent 
an average of all the trials for each quantity of al¬ 
cohol, expressed as a percentage of the baseline. 
Other determinations were carried out on the pan¬ 
creatic juice but have not been included in this report. 
At different times, values for the concentration of amy¬ 
lase, lipase, trypsin, and bicarbonate were calculated. 
However, the reproducibility of none of these assays was 




Table #1 records the results of the trials using 
2 c,c* of 95% ethanol diluted in 8 c, c* of normal 
saline* In all three runs, we are able to see an 
immediate decrease in the volume output, of pancreatic 
juice during the first fifteen- minute collection 
period* In runs (a) and (c), this transient decrease 
is followed by an increase during the second fifteen- 
minute collection period to baseline levels* In run 
(a), there is a continuous gradual increase to well 
above baseline in the fourth collection period* 
Run (b) also shows the immediate decrease in output 
in the first collection period, with a slight increase 
in the second collection period toward baseline values* 
But this is followed by a marked decrease which per¬ 
sisted through three successive collections and led 
finally to the total absence of secretion* This lack 
of secretion then persisted, and the dog was no longer 
useable for experimentation* Our preparation obviously 
ceased functioning at some time during this run* 
Therefore, we will consider the later collections of 
this run invalid, and must interpret the entire run 
with a suspicious mind. 
Graph #1 and run (d) represent an average of the 
- 
-1? 
tv/o runs, (a) and (c) expressed as a percentage of 
the baseline. (The data from the questionable run (b), 
(Dog #147, Run #5) was excluded from this calculation 
for the reason stated above®) This graph of the average 
response also illustrates an immediate depression in 
the first post- infusion collection period, with a clirab 
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Table #2 records the results of the trials using 
3 c,ct of 95% ethanol diluted in 7 cec0 of normal 
saline0 In runs (f) and (g) we again see the immediate 
decrease in volume output following the test infusion, 
followed by a more gradual ascent over the next two 
collection periods to baseline levels* In run (e), 
there is no immediate decline, but rather a prompt 
and sustained elevation which is apparent in the first 
collection period and persists in the four succeeding 
periods* 
Graph #2 and run (h) represent the average response 
of the three runs, again expressed as a percentage 
of baseline. This graph also illustrates an immediate 
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Table #3 records the results of the trials using 
4 c*c« of 95% ethanol diluted in 6 c.c, of normal saline* 
In runs (i), (k), (1), ariki (m), there is an abrupt 
and sustained elevation in the volume of secretion 
collected in the post-infusion collection periods* 
In runs (1) and (m), this elevation is apparent in the 
first post-infusion collection period and persists 
for at least five more collections* In runs (i) and 
(k), there is a decrease in the first post-infusion 
period which if* immediately followed by a sustained 
elevation* In run (j), there is a marked depression 
seen in all of the nine post-infusion collections* 
Graph #3 and run (n) represent the average response 
of these five runs, again expressed as a percentage 
of the baseline. In this graph, we note the first 
post-infusion collection to be unchanged from base¬ 
line values* In the following six collections there is 
a marked, elevation in the volume, which persists for 



































































oo 'Si" • to 
• CO • to 
O pH o o 
rH 
O o Cl CM o 
o to to • 'S3" to rH 
• o • CO • so • -Sf LO 
to CM c r—1 O f-1 rH r—1 c~ 
to rH 
o o LO r-H LO co 
tO CM o • to o 'sh LO 
c • ^3" • to • CM • • to LO 
o r-» CM r~t tO o rH O rH rH CM O 
•H CM 
to o o "O" tO to 'S3" CM 
5 to o •o* C"> • r—1 • tO c CT> 
4-( • CM • LO • CM • rl" • c CM 
C tO CM r—1 C'. o tO O CM rH 'Si" to 
•H 
1 o CM tO r-H LO 
LO CM 
•M ■4- CM 'tf LO • to O tO to CM 
to • 'S3" • o • CM • LO • *sT CO 
O CM o CM o r-H o CM rH LO Cl 
Cu 
o T'' to 00 CO vO 
to rH 
to CM -cr LO • CO CM LO to 
• '-t • CM • •fr • CM • to LO 
c- CM 1—i tO o to o CM rH o C' 
LO CM 
o r—i CM o LO to 
CM •3" '3" c- • to tC CM • 
• I—1 • 00 • o • • rH O 
to o CM 1—1 LO o c rH to 
-sT CM 
o tO to o c> l-( LO CM 
f-H to • LO • rH • to tO LO c 
• • i-H • tO • to • '3" • 
CM o CM o tO o rH rH to tO 
'H" CO 
e o LO LO cn C Cl cn 
o to c- • rH LO rH • rH • LO LO to 
•H • rH • CM • to • to CM • • 
V) CM c to rH o c~ o C' • to c- 
o C' CO 
CM O CO LO c 
c CM CM oo rH • to c- m 
•H • o • tO • rH to o to 
1 to rH CM CO o rH • o o 
0 o rH rH 
fH 00 CO 
r—ft CM • CM cn LO 
• CO • o 'sr LO rH 
CM CO o rH • to rH 
r~~\ r—\ o rH rH 
LO CM /—\ 
0 C 0 LO CD tD O LO 
c> C • 0 c • 0 C CM 0 CM 0 to 0 
E •H CM E • H CM E •H • 0 c • 0 c • c 
3 rH 3 rH 3 rH O g •H O g •H o •H 
rH 0 0 rH 0 0 rH 0 H rH rH rH 
o in C o to c o in 0 rH 0 0 rH 0 0 0 
> rt •H > cd •H > ti c o e o V) c in 
CQ rH CO rH CO •rH > oi •H > cd •rH cd 
rH 0) rH CD T~< rH CO rH CO rH CQ 
etJ cm (/) CCS cm in cd <M 0 rH 0 rH 0 
+-> o cO +J O cd O VI c3 CM tn rt CM to cm 
O fQ o CO o cd •M O CJ +-> O itf o 
H o\° 'w-h' H c\° W E-* o\° CO O CO O jO V-/ o\° H 6\° '—' o'?5 
rH CM 
c c rH CM p 
3 3 =tfc at 3 
d3 cq /—S /—\ /-\ r^\ DC 
• • c • c • C • 
in •3" in 3 V) 3 m 3 V) 0 
-O c- JO DC 3 CC DC JO t>0 
o rH o rH rH rH rH cd 
CO CO tH c- c- 
1 to 1 to ■tj- 'M- 't 0 
co CM CO CM rH CM rH CM rH CnI > 
V-/ it V-/ 
II 
>-./ St < 
/—\ r—\ /-N /-N 
•rH 
v—/ 



















4 c«c( of et i an o.l 





Table #4 and graph #4 represent the results of 
the trial using 5 ctc, of 95% ethanol diluted in 5 c.c, 
of normal saline* In this trial, we see an immediate 
response in the first post-,infusion collection showing 
a large increase in the volume output* This increase 
is sustained until the tenth collection period, two and 
one- half hours after the infusion of the alcohol, 








Table #5 and graph #5 represent the results of a 
trial run with secretin as a control and secretin and 
3 c,c. of 95/o ethanol given simultaneously as the test 
solution. 1 c.Cc of secretin gives the expected response, 
an immediate increase in the volume with a prompt return 
to baseline values by the second fifteen- minute col,lec¬ 
tion period. When 3 c,c. of 95% ethanol was given as 
a bolus just seconds before the secretin was infused, 
we saw a slightly smaller immediate response and a slower 
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Table #6 and graph #6 represent the control runs 
for this series of experiments. In this control, a 
quantity of 30 c,c, of normal saline was administered 
to the dog intravenously, in the same fashion as 
previously described for the trial runs. In both runs 
there is a great deal of fluctuation around the base¬ 
line even before the control solution is ‘.infused. The 
response following the administration of 10 c.c. of normal 
saline is a slight decrease in secretion seen in run (r) 
and a more marked increase seen in run (s). The average 
response, run (t), is a small increase, which is un-» 
sustaoned an quickly reverts to the patternless fluc¬ 
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Graph #6 Controle Response following infusion of norm 
saline 
200 







10 c*ce of normal saline 
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Graph #7 is a. composite which represents in a 
linear fashion the relationship between the dose of 
alcohol administered, expressed as c,c, of 95% ethanol, 
and the volume response of pancreatic secretion in the 
first fifteen-minute collection, expressed as a per¬ 
centage of baseline. This graph clearly illustrates 
the pattern which has developed; at low doses of 
alcohol an inhibited flow of secretion, at high doses 














Dreiling, Richman and Fradkin in 1952j Pirola 
and Davis in 1967j and Lowenfels in 1968 have studied 
the effect of intraven^ous ethanol on the pancreatic 
secretions in man. Dreiling, et„ al., reported that in¬ 
travenous alcohol had no direct effect on the pancreatic 
secretions in man, (29) Pirola and Davis reported from 
their studies that intraven^ous ethanol resulted in 
as much as a 40% decrease in secretions from the exo¬ 
crine pancreas, (30) And Lowenfels, et* al., reported 
a slightly delayed, but significant increase in pan¬ 
creatic secretions following the intraven&ous infusion 
of alcohol, (31) 
Dreiling, et, al., studied a series of twelve 
patients, five of whom had proven chronic pancreatitis, 
the other seven without any evidence of pancreatic 
disease. They studied the pancreatic secretions col¬ 
lected from the duodenal aspirate with a double-lumened 
gastroduodenal tube. They administered secretin as a 
control and then their test dose was 200 c,c,-600 c.c, of 
a 5% solution of ethyl alcohol. Duodenal secretions were 
collected for four, twenty minute periods. Their results 
indicated that following the intraven^ous administration 
of alcohol to the point of inebriation, the external 
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secretions of the pancreas as measured by volume, bi¬ 
carbonate* and amylase responses is not augmented, (32) 
Pirola and Davis studied the duodenal aspirates 
of twenty human subjects. They administered a constant 
infusion of secretin as a baseline and superimposed 
upon this the rapid intraven^ous administration of 10% 
ethyl alcohol diluted in 5% Dextrose solution in a 
dosage of 600 mgrn/Kg, They recorded a 40% fall in the 
volume in the duodenal aspirate without a concommitant 
decrease in amylase or bicarbonate. They also noted 
that 10% alcohol instilled directly into the duodenum 
caused a decrease in the volume of the duodenal aspirate, 
but less than that exhibited with the intraven^ous alcohol. 
The reduction in volume that they observed was eipparently 
related to the level of the alcohol in the blood. Lower 
blood levels of alcohol were attained when the intra- 
duodenal route was tried, (33) 
Lower.fels, et, ale> studied one patient who had 
developed a pancreatic fistula following surgery for 
exision of a duodenal diverticulum. They injected 
intravenously a total of 440 c,c, of 5% ethanol over 
a time interval of one hour. They noted that three 
hours after the maximum blood alcohol level was attained* 
the pancreatic juice increased in volume and amylase content, 
and remained elevated for several hours, (34) 
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Other workers have studied the effect of intra¬ 
venous ethanol on the canine pancreas, Brooks and 
Thomas, in 1953, reported that alcohol had no direct 
effect upon the external pancreatic secretions of the 
dog* (35) And Walton, Schapiro, and Woodward, in 1962, 
concurred with these conclusions. (36) 
Brooks and Thomas prepared four dogs with duo¬ 
denal and gastric f5stulae. 5% ethanol was administered 
intraduodenally and intravenously. They reported that 
alcohol given intravenously or directly into the duo¬ 
denum did not significantly increase the volume or the 
enzymatic activity (measured as specific gravity of 
the juice) above the control values. (37) 
Woton5 et, al., prepared seven dogs with Thomas 
fistulae and studied the response of the pancreas in 
these animals to 200 c,c, of 5% ethanol. They used 
pancreatic secretin as a control stimulus. The secretin 
produced a prompt flow of bicarbonate-rich pancreatic 
juice, the secretory rate increasing five-to-ten-fold 
during the first collection period. Oral alcohol and 
intraven^ous alcohol produced what they described as a 
"typical secretin juice", also bicarbonate-rich. How¬ 
ever, there was a latent period between the admin i-st.ration 
of the alcohol and the pancreatic response; the lag 
being 20-40 minutes for the oral alcohol, and 40-80 
» 
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minutes for the intraven&ous alcohole They then performed 
total gastrectomies on their animals and repeated their 
experimentso The response to the secretin test was 
slightly decreased in magnitude but essentially unchanged„ 
Howevers the total gastrectomies completely abolished the 
response of the pancreas to the oral and the intravenpou s 
alcoholo (38) 
Our studies were carried out on four mongrel dogs 
using a new pancreatic preparation as described by 
Sherman (39) and Sherman and Lindenmuth (40) c We 
studied the pancreatic response to the intraven&ous 
infusion of 2 c,c,} 3 c,cc, 4 c.c,, and 5 c,ce of 95% 
ethanol diluted in the appropriate volume of normal 
saline to allow a total of 10 cue, of test solution. 
Our results indicate a response to intraven&ous alcohol 
that varied with the dose of the test alcohol that was 
administered. In those studies in which the test solution 
was 2 c«c, of 95% ethanol (see Table #1 and Graph #1) 
there was a promp- decrease in volume within the first 
fifteen minute collection period (to 60% of control 
values) followed by a gradual climb toward baseline 
values in succeeding periods. When larger doses of 
alcohol were administered, 4 c,c. of 95% ethanol (see 
Table #3 and Graph #3) there was an insignificant drop 
in volume during the first collection period followed by 

a dramatic (to 200% of control values) and sustained 
elevation in volume secretion* When our maximal dose 
was employed, 5 c,c« of 95% ethanol (see Table #4 
and Graph #4), a marked elevation in secretion was 
apparent even in the first collection. 
This response pattern to intraveneous alcohol 
could be explained pharmacologically either on the 
basis of a diphasic or a dose-related response. In 
this study, the immediate reaction to the administration 
of a small quantity of intraveneous alcohol 5s inhibition 
of pancreatic flow. Crucial to this formulation are 
the qualifications that this is an immediate reaction 
to small quantities of alcohol. Our observations involved 
the first fifteen minutes following the test doses. 
Pirola and Davis, who also reported an alcohol-induced 
inhibition of pancreatic flow, studied collections cover¬ 
ing thirty minute intervals, (41) On the other hand, the 
marked elevation in pancreatic secretion which was reported 
by Lowenfels, et. al., was calculated from collection period 
which covered an entire hour. This extended interval 
could certainly obscure any relatively fine variations 
in the first fifteen or thirty minutes, Futhermore, 
the augmentation reported by Lowenfels occurred after 





Davis & Pirola 
Dreiling 
Lowenfels 
Brooks & Thomas 
Katz 




600 mgm/Kg. body wt* 4.20 
of 10% (v/v) alcohol 
in 5% dextrose 
200- 600 c»c, of 5% 7.90- 22.30 
so1ution of ethanol 
440 CiC, of 5% 17.5 ^ 
solution of ethanol 
5 % ethanol (unrecorded ——— -- 
volume) 
3 c.ce of 95% solution 2.25 
of ethanol (223 mgm/Kg.) 
5 c.c* of 95% solution 3.75 T 
of ethanol (370 mgm/Kg.) 







Likewise, the quantity of alcohol which has been 
administered must be considered when trying to interpret 
the results of the various experiments. In our studies 
we observed an inhibition of flov; with smaller quantities 
of alcohol while larger doses yielded a substantial 
augmentation of flow. Walton *s work also was done on 
dogs, involved even larger quantities of alcohol, and also 
produced a stimulated flov;. Davis and Pirola, who re¬ 
ported an inhibition of secretion in man were using 
relatively smaller quantities of alcohol than Lowenfels, 
who observed an augmented flov;. (See Table #5) 
Several factors may contribute to this immediate 
inhibition of pancreatic flov; which is observed following 
the intravenous infusion of low doses of ethanol. A 
large component is probably the general sedating effect 
of this volume of alcohol. It has been our observation 
in working with these dogs that any factor which causes 
excitement in the dog under study (as does barking from 
other dogs in adjacent rooms) causes a marked increase 
in volume flov; which then diminishes as the level of 
the animal's agitation diminishes. This may he an 
indirect response to an increased gastric phase of pancreatic 
secretion, as indicated by Lenninger, et. al. (43), or 
a direct effect of vagal stimulation on the pancreas 
as suggested by Maggee, et, al, (44), 
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The rapid infusion of this quantity of alcohol 
was usually accompanied by mild and transient hypotension.- 
(as manifested by increased salivation, tachycardia and 
tachypnea)e Thomas reports that agents that lower 
blood pressure augment pancreatic secretions, (45) 
However, Eichelter and Schenk (46), and Machowiak, et, 
ale (47), have shown that increases in pancreatic 
secretion are accompanied by increases in pancreatic 
arterial blood inflow. Vie might speculate that the 
converse is also true; that decreases in pancreatic 
secretion accompany decreases in pancreatic arterial 
blood flow. In which case, the observed decrease in 
glandular activity would follow from the diminished 
visceral blood flow consequent to the alcohol-induced 
hypotension, 
The decrease in pancreatic flow may also be the 
result of a direct inhibiting action of the alcohol 
on the secretory cells. Alcohol in moderate doses 
is well known for its mild diuretic action. The 
mechanism for this has been ascribed t.o a depression 
of the physiologic activity of those cells of the 
hypophysis responsible for the secretion of the 
anti-diuretic hormone (ADH), (48) This action could 
follow* from alcohol * s toxic property of precipitating 
proteins within cells and inhibiting oxidative phosphory- 
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1ation. Davis and Pirola discarded this explanation 
on the basis of their observation of normal values 
for bicarbonate and amylase concentration which appeared 
along with the diminished volume* They reasoned that 
a toxic effect of this nature on a subcellular level 
would be reflected most apparently on those elements 
whose synthesis or transport is an active process of 
that cell. (49) 
One other possible explanation for the decrease 
in volume outflow has received much popular support 
in the literature through the years. According to this 
theory, alcohol causes edema of the duodenal rnucosa 
and spasm of the Sphincter of Oddi, vjhich results in 
pancreatic duct obstruction. This proposition has 
figured in explanations for alcohol- induced pancreat¬ 
itis from Opie, and Rich and Duff, through to Dreiling, 
and Davis and Pirola. Walton, et. al., studied the 
effect of alcohol on pancreatic duct pressure. They 
prepared dogs with Thomas fistulas so as to prohibit 
the gastric contents from entering the duodenum and 
indirectly stimulating the secretin mechanism. They 
then administered intravenously 75 c.c.,or intra- 
duodenally 20 c.c.,of 10% ethanol and follov/ed the 
changes in pancreatic duct pressiare. These studies 





sign.if leant change in pressure, while the intra- 
duodenal ethanol resulted in a rise in pancreatic 
ductul pressure which appeared after a 2-3 minute 
latent period. The failure of the intraventfous alcohol 
to augment the ductal pressures and the time-onset 
of action of the intra-duodenal alcohol, suggested 
to the authors that the ethyl alcohol had a direct 
effect on the pancreatic duct sphincter to result in 
elevated ductal pressure* (50) 
A much later response to low doses of intraveneous 
alcohol, and a more prompt response to higher doses 
of alcohol, is an augmented pancreatic flow. This is 
also a very complex physiologic reaction with multiple 
components. Again, as in the case of the early in¬ 
hibition by Mow doses of alcohol, a large contribution 
is undoubtedly made by the alteration in the experi¬ 
mental animal's state of agitation. As mentioned 
previously, fluctuations in the animal's level of 
excitation were observed to produce corresponding 
fluctuations in pancreatic flow. 
Another route by which alcohol may stimulate 
the pancrease is via the secretin mechanism, Gizelt (51), 
Bayliss (52), and Dreiling (53) have all suggested 
that alcohol was able to act directly upon the duodenal 




the work by Walton, et. al., which we have previously 
described is fairly conclusive evidence against this 
routec (§4) 
A more popular explanation is that alcohol 
stimulated the stomach to produce HCi, which in turn 
passed into the duodenum and stimulated the secretin 
mechanism. Brooks and Thomas (55)s Dreiling (56), 
Walton (57), Schapiro (5'8), and Lowenfels (59) have 
all championed this opinion. In 1957, Woodward reported 
that oral alcohol was a powerful stimulant of the antral 
gastrin mechanism, and by this route caused an elevation 
in the gastric acidity. (60) The acid, in turn, 
passes into the duodenum where it has been shown to 
cause stimulation of the exocrine pancreas via the 
secretin mechanism. (61, 62) 
In 1965, Preshaw and Grossman reported on a gastrin 
extract from the pyloric gland area of the stomach 
(prepared to yield gastric secretory stimulants) which 
was also able to directly stimulate the pancreas. (63j 
In 1968, Schapiro illustrated that alcohol instilled 
locally to the gastric antrum was able to stimulate 
the pancreas through release of this gastrin extract. (64) 
Intravenous alcohol is also a powerful stimulant of acid 
gastric juice. (65) It is possible that the intravenous 
alcohol is also releasing that fraction of gastrin which 
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is able to directly stimulate the pancreas. 
Or alcohol may act directly upon the pancreas to 
stimulate the exocrine secretion. Atropine, Banthine, 
and other anti- cholinergic agents have been shown to 
inhibit pancreatic secretions. They are thought to 
act biochemically by blocking the acetyl- choline 
complexes which are necessary for the transport of lipoid 
soluble enzymes across the cell membrane, (6S) The 
action of alcohol upon the peripheral vessels is believed 
to be mediated through direct action on the cholinergic 
endings found among their vasomotor fibers^ (67) The 
action of alcohol on the pancreas may be on the anologous 
sites as those found in the peripheral vessels. The 
alcohol may thus.be acting upon the same locus that 
has already been proposed for the anti- cholinergics. 
The possibility of alcohol acting directly upon the 
pancreas adds strength to the argument for a dose- response 
relationship as an explanation for the total pattern 
which we have developed. The understanding of this 
theory requires a brief explanation of the kinetics as 
they may apply in the interaction between this stimulant 
and its receptor site. The response of the target cell 
would depend upon the that rate of association between 
the drug and its receptor site, rather than the absolute 







If association is the slower of the two reactions, 
association and disassociation, then the rate limiting 
step in this stimulated response is the rate of 
association of mediator and receptor. At levels where 
there were more receptive sites than stimulators, the 
reaction would proceed at the rate calculated for the rate 
limiting, slower reaction, in this case association. 
On the other hand, with an excess of stimulators, when 
all of the sites were occupied, the reaction could 
proceed at the rate of the faster, disassociative 
reaction. Thus, at low volumes of mediator a depressed 
secretory response, and at high volumes of mediator, 
an augmented re spon se e 
This proposition is not unlike that set forth by 
Gray ct nd Turner jn reference to acetylcholine and 
gastric juice stimulation. Much like our own dilemma 
with the literature on alcohol and pancreatic secretions, 
they -reviewed the contemporary literature in 1937 on 
acetylcholine and gastric juice and noted articles 
which proved that acetylcholine caused5 (a) the stimula¬ 
tion of an acid gastric juice, (b) the stimulation of 
an alkaline gastric juice,.-xand (c) no stimulation of 
gastric juice. Their own studies showed that large 
doses of mecholy! failed to stimulate acid secretion 





gastric juice* They also showed that both of these 
actions were abolished by atrophine, and were thus 
probably acting on the same site* (68) Gillespie and 
Grossman (69) ® and Master, et« al® (70) have also recently 
illustrated this dose reversal effect with gastrin 
and. gastric secretions. This pharmacological action 
has also been observed, with other agents, nicotinic 
ac 1 <3 and nuero*~muscu 1 ar junctions being another fami 11 ar 
example* (71) And v;e could invoke this mechanism to 
explain the entire pattern that we have reported, with 
alcohol and the pancreas 
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Summary and Conclusions 
Four mongrel dogs were prepared with chronic 
pancreatic fistulae. The effect of varying doses 
of intravenous 95% ethanol upon the volume outflow of 
pancreatic juice was studied* 
When small quantities of alcohol were instilled 
(2.25 grams), the immediate response was a diminution 
of flow from the pancreas. The delayed response following 
small quantities of alcohol, and the immediate response 
following larger quantities of alcohol (3.75 grams), 
was an augmentation of flow. 
The possible mechanisms of this action of alcohol 
on the pancreas were discussed. And several conflicting 
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